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Abstract 
This paper reports on two methodologies for the teaching and learning of ecology in a 
rural North Georgia private school for 6th and 7th grade students. The purpose of this 
study was to test two different teaching methodologies to determine which teaching 
strategy was more effective in increasing standardized achievement and conceptual 
knowledge in students through the analysis of four content areas (autecology, taxonomy, 
synecology, and systemic view). It examines the idea of reading nature, a term that was 
coined by Swedish professor Ola Magntorn in 2007.  Curriculum was designed to 
implement two different methodologies to help students read nature in a stream 
ecosystem.  The four content areas being taught had either an outdoor-focused 'bottom 
up' approach or a classroom based ‘top down’ approach. The experimental groups 
utilized the bottom-up approach, while the control groups utilized the top-down approach 
common to science education in American schools.  Both teaching methodologies were 
measured using a standardized achievement pre and post-test, as well as a written concept 
map pre and post-test to understand how the students were making connections to the 
material they learned.  Students were asked to identify and make as many connections as 
possible to 15 natural items on a tray.  A large part of the instruction took place outdoors 
for the experimental group, whereas the control group’s instruction took place in a 
normal classroom-lab setting.  This study gives important insight into how bottom-up 
processing and direct experience with natural systems can increase standardized scores in 
science education just as well as traditional models used in many schools.  In addition, 
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bottom-up processing vastly improved middle school students ability to make conceptual 
connections to the natural world.   
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Chapter One 
Introduction 
“Today, urban areas generate 90% of the world’s economy, are home to 50% of the 
world’s population, generate 65% of the world’s energy, and emit 70% of the world’s global 
greenhouse gasses” (Solecki, Seto, & Marcotullio, 2005, p. 1).  In the future, it will become 
increasingly important for global schools to produce students who understand scientific evidence 
and who possess a solid foundation for how ecological systems work and function. Currently, 
American schools rank 20th in the world in science education achievement amongst the top 65 
countries tested. This ranking is considered worldwide to be average (OECD, 2006).  
Teaching through the natural world can provide a plethora of opportunities for learning in 
science education, and continued development of sound teaching strategies that improve both 
content knowledge and that build a conceptual framework of science material for students is 
important. Research indicates that when the outdoor environment is used to integrate a school's 
curriculum, science achievement is higher (Rivkin, 1995).  
This study will focus on ecological science teaching methodology by examining the idea 
of reading nature, a term that was coined by Swedish professor Ola Magntorn in 2007. He 
describes reading nature as a way of viewing or seeing the natural world, through its creatures 
and its phenomena, by immersing the student in the ecosystem to be read in an outdoor 
classroom. The intentional use of an outdoor environment in each teaching sequence makes 
reading nature unique. This strategy goes beyond traditional classroom teaching. Reading nature 
is rooted in a teaching method called the bottom-up approach, where the student begins the 
learning process by looking in depth at a single organism (autecology) within an ecosystem. 
Students build their ecological knowledge from the bottom-up by questioning and observing 
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small details of the organism, its life cycle, and its place in the natural world. The goal of this 
methodology is for students to see the connections between the autecology of the organisms and 
the ecosystem they reside in as an interconnected whole (synecology). They eventually learn to 
build a systemic view of ecology with the intention for students to become ecologically literate.  
This research study does not seek to provide full evidence of ecological literacy in its 
participants, but rather, seeks to discover whether or not the strategy of reading nature, by means 
of the bottom-up approach, can have everyday purpose by improving achievement of ecological 
content knowledge on standardized tests, and show evidence of improved conceptual 
understanding of ecology. 
Purpose of the Study 
The purpose of this study was to test two different teaching methodologies to determine 
which teaching strategy will increase standardized achievement and conceptual knowledge in 
students more through the analysis of four content areas (autecology, taxonomy, synecology, and 
systemic view). Reading nature from a bottom-up perspective was tested against traditional 
science teaching methods in the same content areas in order to learn about ecosystems and 
ecology. 
Background and Significance of the Study 
What is reading nature and the bottom-up approach? This study was grounded in 
previous investigations on the topic of reading nature. It has sought to add to an existing body of 
research developed by Ola Magntorn and Gustav Helldén (2007) in which they used the concept 
of reading nature as a means by which science educators can advance ecological literacy in 
school aged children through a bottom-up approach to instruction, or rather, starting a learning 
sequence with a single organism that resides in the ecosystem to be “read.” Reading nature is, 
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“discerning relevant and typical structures, such as plants and animals, within an ecosystem.  
Knowing the names and the ecology of the common and typical organisms is only one aspect, 
and needs to be supplemented with the understanding of their internal relationships together with 
their relation to the cycling of matter and the flow of energy in the ecosystem to be read” 
(Magntorn, 2007, p. 6). Reading nature has been taught in four content areas, with a primary 
focus on the following content areas of autecology, taxonomy, synecology, and finally, systemic 
view. Instruction for reading nature takes place in the field (outdoors), whereas traditional 
classroom learning mainly takes place indoors. There are two cognitive approaches that need to 
be understood when teaching systems ecology. The bottom-up approach and the top-down 
approach are commonly used to teach science, math, reading, and technology in both traditional 
and non-traditional settings. Both methods can be applied to teach many different subject areas. 
 In generalizing the two approaches, one can think of the bottom-up approach in 
ecological terms as beginning with the smallest parts of the ecosystem. Using the details and 
autecology of producers or consumers on a small scale like that of phytoplankton or zooplankton 
that support the ecosystem, and builds knowledge upward toward seeing the relationships in the 
ecosystem as a whole (synecology) (Magntorn, 2007). The top-down approach, conversely, 
would take a holistic view toward the ecosystem and its community relationships.  
Biederman, Glass, and Stacy (1973) discuss the cognitive aspects of each approach where 
“top-down” can be considered “big chunk ideas” and tends to be stereotypically visionary. “This 
would be the person who sees the larger picture and overview of the entire system but not its 
finer parts. Such people focus on the big picture and from that derive the details from their own 
experiences to support it. Conversely, ‘bottom-up’ refers to ‘small chunk’ ideas. Cognitively it is 
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akin to focusing on the small details, rather than the landscape. The expression ‘seeing the wood 
for the trees’ references the two styles of cognition” (p. 22). 
How do these cognitive modes of teaching fit into science education today?  There is 
more and more emphasis placed on standardized achievement in America.  As a public school 
teacher for several years, I was required to, and subjected my students to, daily practice exams, 
routine and redundant multiple choice questions, curriculum that is scattered through several 
science disciplines over the course of a year, and taught standards and practices that are in 
constant flux. Being in a traditional classroom, I often found myself teaching through the top-
down approach as much of the science curriculum in public schools is organized in this way. 
What I have experienced, and what Kortland (2007) explains, is that, “traditional science 
curricula, as well as most context based curricula, adopt a teaching-learning strategy of top-down 
transmission, without really taking into account what students already know, think, and are 
interested in” (p. 2). Teaching this way is assuming that the student knows the finer details 
within an ecosystem and can fill the gaps on their own. This, however, results in a process of 
forced content and conceptual development. This might be a reason, at least partly, for the often 
poor standardized achievement, and low test scores in science education in American schools 
(Kortland, 2007).  Moreover, Lovrich (2006) explains that, “in problem solving, excessive top-
down processing can impede achieving one’s goals before all of the details from bottom-up 
processing are achieved. This could cause them [students] to misinterpret words or diagrams” (p. 
1).   
These sources show us that although both top-down and bottom-up methods are 
important for students comprehension of subject material, the bottom-up approach may be tied to 
student achievement because it focuses on the observable scientific details that provide essential 
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prior knowledge and the cognitive recall ability to help students make sense of the world around 
them. This may prepare them better when they are presented with difficult questions regarding 
science, like those presented to them on a standardized achievement test (Lorvich, 2006). 
In addition, Magntorn (2007) points out that “literature concerning students’ explanations 
and understanding of ecology and in particular research with a systems focus suggests that 
students do not have a good grasp of the complexity of food webs, of energy flow or of the 
dynamics and structure of ecosystems” (p. 5).  Other studies point out that students just out of 
middle school, entering high school, have little conceptual knowledge about photosynthesis, 
even though it is a general standard in almost every elementary and middle school curriculum 
(Ozay & Oztas, 2003).  Results showed that students have “conflicting, and often incorrect, ideas 
about photosynthesis, respiration, and energy flow in plant ecosystems, even after teaching. This 
suggests that students' initial ideas are deep-rooted and difficult to change. By developing 
science curricula and helping teachers become more aware of students' misconceptions, a 
different approach to teaching this subject area may help to reduce students' difficulties in 
understanding the concepts of photosynthesis” (Ozay & Oztas, 2003, p. 68).  
Reading nature may be able to help reduce these difficulties. As Magntorn (2007) points 
out, reading nature can be a valuable guide to help younger students visualize and conceptualize 
more demanding science curricula that science educators struggle with, like the topic of 
photosynthesis (p. 4).  
Why measure both content knowledge and conceptual knowledge?  Standardized 
testing has become a part of many American public, charter, and even some private schools. A 
standardized test is an assessment in which the questions are the same for each student and they 
are all aligned in the same format for all participants. Questions are scored in a standard way so 
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that all participants are graded consistently and accurately (Hidden Curriculum, 2014). There is 
no denying that standardized tests have been scrutinized and criticized, but they remain the 
means by which state, local, and the federal government view and evaluate student achievement 
in content areas. For this reason, this study intends to use a standardized achievement test to 
show achievement of ecological content knowledge. As I am also the research participants’ full 
time science teacher in this study, it is important for me to be able to replicate reading nature’s 
bottom-up approach to see if it is a meaningful method for teaching both content and concept 
knowledge in ecological science. In my school, there is overall poor use of outdoor resources for 
educating students. We have a vast campus, containing over 1400 acres. Many of the teachers at 
this school use traditional means of education, and the vast majority of testing is standards based. 
 There is overwhelming criticism that standardized tests are poor measures of conceptual 
knowledge as Alfie Kohn (2000) indicates with this statement, “standardized tests can't measure 
initiative, creativity, imagination, conceptual thinking, curiosity, effort, irony, judgment, 
commitment, nuance, good will, ethical reflection, or a host of other valuable dispositions and 
attributes” (p. 11). It then becomes important that both a content knowledge assessment that 
measures achievement, like that of a standardized test, and a conceptual thinking assessment, like 
that of a drawn concept map, are both needed in order to measure each of these approaches to 
instruction.  
The data that was gathered from this study will help me, and others, refine teaching 
strategies to give my students the best chance at high achievement and more concrete 
understanding. Although standardized tests are, and will probably always be, highly debated, it is 
important to compare Magntorn and Helldén’s (2007) reading nature strategy to a more 
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traditional classroom approach to instruction using both a standardized achievement test and a 
conceptual knowledge measure.  
The following section will define how key terms were used in this study. 
Definitions  
• Abiotic: This encompasses all nonliving factors within an ecosystem (Magntorn, 2007). 
• Autecology: The students understanding and ability to identify organisms and their life 
cycles (Magntorn, 2007). 
• Biotic: This encompasses all living matter within an ecosystem (Magntorn, 2007). 
• Bottom-up approach: Starting a learning sequence with a single organism that resides in 
the ecosystem to be read (Magntorn, 2007). 
• Conceptual knowledge: Knowledge rich in relationships and connected understanding. It 
is a connected web of knowledge, a network in which the linking relationships are as 
prominent as the discrete bits of information (Ben-Hur, 2015) 
• Ecologic literacy: Knowing and caring with practical competence . . . to encompass an 
understanding of how people and societies relate to each other and their natural systems 
(Orr, 1992). 
• Field Study: Classes where students participate in outdoor research and educational 
activities that revolve around a particular topic. In this case, the activities were focused 
on ecosystems and ecology.  
• Reading Nature: Students can recognize organisms and relate them to other organisms 
and to material cycling and energy flow in the specific habitat which is to be read. It has 
to do with authenticity where the natural world that we face outside is the book to be read 
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and the tools we have are our experiences from previous learning situations both in and 
out-of-doors (Magntorn, 2007). 
• Standardized Acheivement Test: A test that (1) requires all test takers to answer the same 
questions, or a selection of questions from common bank of questions, in the same way, 
and that (2) is scored in a “standard” or consistent manner, which makes it possible to 
compare the relative performance of individual students or groups of students (Hidden 
Curriculum, 2014) 
• Synecology: This is the students understanding of the ecological relationship amongst the 
organisms residing within a community of an ecosystem (Magntorn, 2007). 
• Systemic View: The students understanding of the relationship between biotic and abiotic 
components and the flow of energy and cycling of matter in the ecosystem. (Magntorn, 
2007). 
• Taxonomy: Taxonomy works in conjunction with autecology but is more of a 
classification system for organisms once they have been identified (Magntorn, 2007). 
Assumptions 
• It is assumed that all the textbooks approved by the state of Georgia under Common 
Core, in the content areas being tested, are equal to scope and sequence of the Holt, 
Reinhardt, and Winston (2008) textbook used in this study.  
• Students have had prior training in microscopes use, field ecology practices, water quality 
sampling, and creating concept maps. Some participant skill levels are higher than others, 
but none of the participants have more than 2 years of experience with any of these skills.  
• Amongst the students, there will be a varying degrees of prior knowledge on this subject.  
Some of the participants have been in my classes for a year, and they will feel 
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comfortable with these lessons in general.  Others will have a higher degree of anxiety 
and lack of prior experience, particularly with species recognition and recall, methods for 
collection, and general conceptual framework of a stream ecosystem. 
Limitations 
• The pre and post achievement test were the same test given both at the beginning and the 
end of the experimental period. Questions and answers were scrambled. This created a 
scenario where my participants could have made connections to questions that they saw 
on the test during the lessons, and may have affected the post test scores indirectly. The 
scrambling of both questions and answers helped to limit this variable.  
• The Holt, Reinhardt, Winston (2008) text was the only textbook used in this study. Other 
texts may have variations of chapter progression or a different arrangement of sections. 
• Conceptual understanding was measured with written concept maps after a two week 
training session. Students that are younger, typically struggle with concept map 
development. They needed to know and practice these maps in order to gather reliable 
data. 
• The researcher was the student’s science teacher. This had the potential to cause bias 
within the research.  
• The tray test was composed of the same 15 items for both the pre and post concept 
mapping assessment. Like that of the standardized test, this could have created a scenario 
where my participants could have made connections to items that they saw on the pre-test 
test, giving them a base of prior knowledge to look for those items within the lessons. 
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Summary 
Reading nature is about the student’s ability to relate organisms to material cycling and 
energy flow while being immersed in the outdoor environment within the specific ecosystem to 
be read (Magntorn, 2007). Driven by pressure from standardized testing and overall average 
performance on science assessments in the United States (OECD, 2006), traditional science 
educators need a means of teaching ecological science in new ways. Reading nature may be an 
answer. By understanding top-down versus bottom-up approaches to cognition in science 
education, new strategies, like reading nature may be able to increase student achievement on 
standardized tests and increase conceptual knowledge in science education better than more 
traditional methods of instruction.  
The purpose of this study was to test two different teaching methodologies to determine 
which teaching strategy will increase standardized achievement and conceptual knowledge in 
students more through the analysis of four content areas (autecology, taxonomy, synecology, and 
systemic view). Reading nature from a bottom-up perspective was tested against traditional 
science teaching methods in the same content areas in order to learn about ecosystems and 
ecology. 
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Chapter Two 
Literature Review 
The idea of reading nature is based on the landmark study of Magntorn and Helldén 
(2007). It was used to determine if the bottom-up approach can increase standardized 
achievement and conceptual knowledge of ecology in middle school student’s more so than 
traditional teaching methods. There were three predominant questions that were explored on this 
topic.  First, how does reading nature contrast with traditional classroom instruction? Next, how 
does reading nature fit into the American curricular structure, particularly in the state of 
Georgia? And finally, what is the importance of field instruction, field trips, and outdoor learning 
environments in science education? This literature review addresses these major questions.  
Reading Nature in Contrast to the Traditional Classroom 
The teaching methods in a traditional classroom, and the teaching methods for Reading 
nature differed vastly, but they both followed a pattern from autecology to systemic view 
through four content areas. A traditional science classroom follows the instructor’s knowledge 
and skill sets and utilizes both the instructor and the textbook as the main sources of information. 
Traditional teaching environments are generally teacher centered. This teacher centered approach 
communicates knowledge from the teacher to the student directly through lecture, diagramming, 
visual aids, and other activities. Traditional instruction is reminiscent of the popular perception 
of school in America. Lab based practices in traditional education have been criticized for being 
kitchen recipe experiments with pre-determined outcomes (Sungur & Tekkaya, 2006). Science 
education, using these more traditional methods, is dependent on the lecture from the textbook in 
which the framework operates where the teacher is the central focus (Lord, 1999).  
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In the state of Georgia, the Department of Education (DOE) organizes and operates the 
Common Core standards for the state. It distributes a list of publishers of science education 
material to the schools and they choose a textbook off the list that meets the school’s needs and 
that conforms to a given set of standards and benchmarks for the Common Core. Holt, Reinhardt, 
and Winston (2008) is the publishing company through which the public schools in our region 
have chosen their science text. The title of this book is called Holt Science and Technology: 
Integrated Science, Level Green. The textbook being used for this study was published in 2008. 
Magntorn & Hellden (2007) propose that the ecological knowledge be taught from a 
bottom-up approach that follows four sequential content areas: 1. Autecology, 2. Taxonomy, 3. 
Synecology, and 4. Systemic view. From a traditional teaching method standpoint, the current 
textbook chapter progression (chapters 15-17) initially appear to follow a bottom-up approach, 
but the layout of the interior sections within these chapters follows a top-down approach, which 
is the actual content area being taught.  Figures 1, 2, and 3 present the textbook’s sequence of 
ecological topics as they align with Magntorn and Hellden’s (2007) content areas for instruction.  
Holt Science and Technology: Integrated Science, level green: Chapter 15:Content Areas 
Chapter 15: Introduction to Animals 
Section 1: What is an animal? 
Section 2: The Animal Kingdom 
Section 3: Invertebrates 
Section 4: Vertebrates  
Figure 1. Lists the textbook content areas for autecology and taxonomy from the traditional textbook as it relates 
to autecology and taxonomy of reading nature (Holt, Reinhardt, & Winston, 2008). The arrow represents the top 
down progression of the texts interior sections of chapter 15. 
Holistic view: TOP  
More specific: BOTTOM 
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As you can see from the sectioning of the chapter in Table 1, this clearly teaches 
autecology and taxonomy using the top-down approach, which is typical of the traditional 
teaching methodology (Kortland, 2007).  Invertebrates are not discussed until section 4.  
Next is the textbook chapter progression of the third and fourth phases of reading nature. 
Figures 2 and 3 explore the chapter progression as the traditional textbook views synecology and 
systemic view and closes the unit on ecology for the students, at which point, the unit would be 
over. Students would then move onto an entirely new chapter that focuses on properties of matter 
in chapter 18. Chapter 18 is inconsistent with any form of top-down or bottom-up transmission 
because the units do not have common connections to the students, and does not build on prior 
knowledge. 
Holt Science and Technology: Integrated Science, level green: Chapter 16: Content Areas 
 
Chapter 16: Interactions of Living Things 
Section 1: Everything is Connected (organization of the environment) 
Section 2: Living things need Energy (food webs, food pyramids) 
Section 3: Types of Interactions (interactions between organisms) 
Figure 2. Lists the textbook content areas for synecology from the traditional textbook as it relates to synecology of 
reading nature (Holt, Reinhardt, & Winston, 2008). The arrow represents the top down progression of the texts 
interior sections of chapter 16. 
 
As seen in Figure 2 above, the traditional textbook content area sectioning on synecology 
is also top-down. It begins by looking at the environment as a whole, before seeing the 
interactions of the organisms within the ecosystems. In systemic review, (Figure 3), the teaching 
content area is also taught through top-down transmission. 
 
 
TOP  
BOTTOM 
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 Holt Science and Technology: Integrated Science, level green: Chapter 17: Content Areas 
 
Chapter 17 Cycles in Nature 
Section 1: The Cycles of Matter (nutrients, water, carbon, nitrogen). 
Section 2: Ecological Succession (primary and secondary succession) 
Figure 3. Lists the textbook content areas for systemic view from the traditional textbook as it relates to systemic 
view of reading nature (Holt, Reinhardt, & Winston, 2008). The arrow represents the top down progression of the 
texts interior sections of chapter 17. 
 
 Reading nature, in contrast to the traditional textbook curriculum as seen in these 
examples, seeks to deliver the same ecological content area knowledge from autecology through 
systemic view, but it uses a different approach. Reading nature is a differentiated teaching 
strategy that offers student exploration and discovery, but within given parameters to meet an 
educational objective. Teaching in this way is called “guided inquiry” (Mayer, 2004) in science 
education. Mayer (2004), a proponent for guided inquiry in the classroom, offers that the 
“constructivist view of learning may be best supported by methods of instruction that involve 
cognitive activity rather than behavioral activity, instructional guidance rather than pure 
discovery, and curricular focus rather than unstructured exploration” (p. 14). In this comment, 
Mayer (2004) is saying that guided inquiry teaching practices, like that of reading nature, must 
have boundaries and practical purpose. By utilizing the bottom-up perspective, students begin 
teaching sequences by identifying organisms that reside within their natural habitat. You can 
imagine the bottom up approach methodology as reversing the order of each of the sections in 
the textbook in the above figures. In addition, a key component to reading nature is for the 
student to be learning by being immersed into the outdoor ecosystem to be read. Therefore, 
TOP  
BOTTOM 
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reading nature differs from the traditional model because it takes place mainly outdoors through 
focused cognitive outdoor activities that are student driven, and utilizes a cooperative working 
environment (Magntorn & Helldén, 2007).  
Means to an End: Ecological Content Knowledge Leads to Ecological Literacy 
In order to test these two teaching methods in an effort to improve ecological content 
knowledge in students, one must first have an understanding of what ecological literacy means to 
this study and the goals that intend to be achieved. David Orr’s (1992) definition of ecological 
literacy is stated as “knowing and caring with practical competence . . . to encompass an 
understanding of how people and societies relate to each other and their natural systems” (p. 92). 
Smith, (2003), summarized Orr’s ecological literacy definition as, “knowing how the world 
works and therein, knowing how to preserve and maintain the environment” (p. 502).  Orr (1992) 
also argues that education is the most powerful mechanism to address the world’s environmental 
challenges.   
Using this explanation as a guide, this study’s long term affects are to achieve one of the 
fundamental goals of all environmental and science education, which is to create students that 
become ecologically literate by developing ecological concept knowledge as a base platform for 
understanding. The goal of this study is not ecological literacy, but the vision is that the student 
participants gain a deeper understanding of how interrelated systems work and function, can 
solve problems, and develop an awareness and appreciation for the outdoors. Moreover, the 
vision includes creating adults that can understand and generate sustainable lifestyles and living 
solutions for the future. As described by the Georgia Department of Education (2015), 
“relationships between science, our environment, and our everyday world are crucial to each 
student’s scientific [and environmental] literacy. To become literate in science, therefore, 
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students need to acquire understandings of how to do science through the characteristics of 
science and its content” (Georgia Department of Education, 2015, p.1).  
Reading Nature and Its Place Among Georgia’s Curricular Framework 
The Next Generation Science Standards attempt to aggressively push for conceptual 
learning in the classroom and make a move away from traditional models of teaching. In 
addition, the state of Georgia’s Common Core Standards (2007) support a teaching methodology 
like the bottom up approach for conceptual understanding. The Next Generation Science 
Standards (2015) state that students in middle school should be able to conceptualize the 
following: 
Core Idea LS2 
Ecosystems: Interactions, Energy, and Dynamics 
How and why do organisms interact with their environment and what are the effects of 
these interactions? 
Ecosystems are complex, interactive systems that include both biological communities 
(biotic) and physical (abiotic) components of the environment. As with individual 
organisms, a hierarchal structure exists; groups of the same organisms (species) form 
populations, different populations interact to form communities, communities live within 
an ecosystem, and all of the ecosystems on Earth make up the biosphere. Organisms 
grow, reproduce, and perpetuate their species by obtaining necessary resources through 
interdependent relationships with other organisms and the physical environment. These 
same interactions can facilitate or restrain growth and enhance or limit the size of 
populations, maintaining the balance between available resources and those who 
consume them. These interactions can also change both biotic and abiotic characteristics 
of the environment. Like individual organisms, ecosystems are sustained by the 
continuous flow of energy, originating primarily from the sun, and the recycling of matter 
and nutrients within the system. Ecosystems are dynamic, experiencing shifts in 
population composition and abundance and changes in the physical environment over 
time, which ultimately affects the stability and resilience of the entire system (Next 
Generation Science Standards, 2015, p. 150). 
 
In the state of Georgia, the science standards for life sciences in the middle grades are 
clear.  Of interest is how a curriculum like reading nature can coexist inside the curricular 
framework set up by the state.  The Georgia Department of Education states that, “the 
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relationship between science, our environment, and our everyday world is crucial to each 
student’s success and should be emphasized” (2007).  The consistent drawback that is present in 
most American schools is how disjointed the curriculum is from one unit to the next. Take, for 
instance, the chapter progression that was presented above in Holt, Reinhardt, and Winston 
(2008). Prior to teaching chapter 15 students were presented with material on protists, bacteria, 
and fungi. Then, they were presented with systems ecology in Chapters 15-17. Then, they are 
presented with Chapter 18, a unit on the properties of matter. Using this curricular approach, how 
are students supposed to understand energy flow, cycling of matter, and the compounds that 
make up ecological systems if they don’t learn basic units of matter (compounds, elements, 
mixtures, etc.) until after the units on ecosystems are complete? Students are challenged with 
moving from unit to unit rapidly, and are given minimal time to process detailed information.  
Below is a sampling of the key ecological benchmarks for the State of Georgia according 
to the adopted Common Core Standard. The following benchmarks, along with the complete 
standards can be found at the Georgia Department of Education (2007) and were adopted in 
2010.  
• Often, teaching near-at-hand phenomena before teaching the far-distant ones 
makes sense; on the other hand, sometimes the near-to-far progression that makes 
sense cognitively may not correspond to what interests children.  
• Perhaps the most important reason for students to study the earth repeatedly is 
that they take years to acquire the knowledge that they need to complete the 
picture. The full picture requires the introduction of such concepts as temperature, 
the water cycle, gravitation, states of matter, chemical concentration, and energy 
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transfer. Understanding of these concepts grows slowly as children mature and 
encounter them in different contexts. 
• As people have used earth resources, they have altered some earth systems. 
Students can gradually come to recognize how human behavior affects the earth's 
capacity to sustain life. Critical thinking based on scientific concepts and 
understanding is the primary goal for science education. 
(Georgia Department of Education, 2007) 
In the first bullet, the state of Georgia discusses top-down versus bottom up progression, 
but there is no mention as to which one method is more valuable in teaching. While the state of 
Georgia mentions that it may not “interest students” (2007) but in Magntorn and Helldén’s study, 
they make a point in saying that,  
One of the main conclusions from our study is the importance of autecological 
knowledge.  We see it as the glue between taxonomy and systems ecology.  Knowing the 
names and the often fascinating autecology can build an interest for learning more about 
the mechanisms supporting the life in the ecosystem and the relations between 
populations (Magntorn & Helldén, 2007, p. 75).  
Later, they discuss in their final remarks that the connection between the bottom up approach and 
the importance of field work in general is critically important to the success of reading nature. 
The state of Georgia, like Sweden, places an importance on the role of science and its process, 
but the standards speak little about the importance of field work and the impact of being outside 
on children, or to encourage student interests. This is the particular section of science standards 
and benchmarks in Georgia that could be subject to review. The next section offers insight into 
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the importance of outdoor experiences for students, and how they relate to reading nature and the 
traditional learning environment. 
Field Experiences, Field Trips, and Outdoor Learning as it Relates to Science Education 
 There has been a shift in a student’s mentality when it comes to the outdoors, and there 
are many factors that play a role in the deterioration of outside experiences for young adults. 
According to the United States Division of Agriculture’s National Kids 
Survey,  “Children participated in outdoor nature-based activities less frequently than many 
alternatives,” and moreover, “interest in other activities such as listening to music, art, or 
reading (57.0%), watching TV, DVDs, or playing video games (48.1%), and using electronic 
media including internet and texting (47.8%) were the most common reasons for not spending 
time outside” (Lawson, Green, & Cordell, 2011, p. 1). A benefit to a teaching approach like 
reading nature is that it gets students outdoors during the school day, interacting with the 
biotic and abiotic factors in their environment. Students have an abundant amount of options 
when it comes to their free time, and their free time continues to shrink. Students are faced 
with more extracurricular activities, homework, technology, and peer based interaction.  
In a recent study that measured the effects of outdoor versus indoor activity on human 
well-being found that “participants reported greater enjoyment and satisfaction with outdoor 
activity and declared a greater intent to repeat the activity at a later date” (Coon, Boddy, Stein, 
Whear, Barton, & Depledge, 2011, p. 45). Research is still needed to truly understand the 
impact reduced time in nature will have on our children, but reading nature offers an 
immediate solution to increased outdoor activity if it can be equally successful at increasing 
ecological content and conceptual knowledge of ecology on standardized achievement testing.  
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Through human evolution, the natural world was one of the most important contexts of 
children's maturation. Indeed, the experience of nature was, and still may be, a critical 
component of human physical, emotional, intellectual, and even moral development. 
Yet scientific knowledge of the significance of nature during the different stages of 
childhood is sparse (Kahn & Kellert, 2014, p. 122).  
The more chances that a child is given to explore their natural surroundings, the greater their 
appreciation grows for the natural world. Starting at a young age, this interaction helps foster 
the relationships that are created in adulthood with nature (Wilson, 1995). This relationship 
with nature enhances reading nature’s ultimate goal: ecological literacy. Students who become 
more ecologically literate may have a desire to live sustainably in the future as adults.  This 
leads into the fundamental goal of environmental education, which is to create a citizenry that 
sees a world in which sustainable living is important and necessary. 
Loss of outdoor investigation experience for children.  There have been several 
books published recently on children’s connections with the outdoors. The most notable books 
on this subject as of late are Biophilia, by Edward O. Wilson (1985), Last Child in the Woods, 
by Richard Louv (2008), and Children and Nature, by Peter Kahn and Stephen Kellert, 
(2002). In each of these books, the social importance, cognitive importance, and what Louv 
coined, the nature deficit disorder are discussed.  What is important about these books as they 
pertain to this study is the effect that a curriculum and teaching methods can have on the 
overall health, psyche, and education of students in schools. There seems to be an overall push 
to get kids outside, active, and interacting with both nature and their environments, but many 
of these sources offer little recommendation as to a solution.  
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In the book Children and Nature, Kahn and Kellert (2002) examined the impacts that 
the outdoors can have on children. They state that, “the most logical starting point in 
considering the potential impact of contact with nature in childhood development is to 
distinguish the experiences that children have with natural systems and processes” (p. 118).  
They examine three means by which students observe the world.  These include, direct 
experience, indirect experience, and vicarious or symbolic experience.  Direct experience 
involves direct contact with biotic and abiotic factors in an ecosystem while using all senses to 
explore the matter that surrounds an individual. Indirect experience also involves direct 
contact with biotic and abiotic factors but in a much more regulated and confined space, like 
that of a museum, science center, or nature center.  Finally, vicarious or symbolic experience 
includes those experiences that do not involve any contact with nature but are derived from 
pictures, stories, technology and so forth (Kahn & Kellert, 2002). The traditional classroom 
environment and traditional classroom teaching strategies lend themselves to the symbolic 
experience, which has limitations in making learning real for the student. Through these 
vicarious experiences, students may not fully understand the inter-related parts of ecosystems 
and may lose touch with the systems and processes that surround them. Reading nature’s 
approach, however, provides opportunities to make the learning real and immersive. Through 
“direct experience” (Kahn & Kellert, 2002) using the reading nature teaching method, 
students can develop a more abstract understanding about how ecosystems work and function. 
They can begin to make connections to the world around them that can serve as a foundation 
for building ecological literacy in their future years. 
Field experiences and their role in the classroom.  Traditional teaching 
methodology also has its solution to involving students in “direct experience” (Kahn & 
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Kellert, 2002). Teachers in the traditional methods often attempt to engage students in direct 
experience through field trips and field studies, but there are barriers to these types of learning 
opportunities. First, field trips can be poorly planned. Poorly planned field trips can lead to 
misdirected outdoor experiences that can have a negative impact on conceptual knowledge. 
Field trips can also be expensive for school systems and parents. However, properly planned 
trips and non-traditional teaching programs that are designed well can have long lasting effects 
on students. For instance, in one of the few long term studies done on adults and their 
perceptions of field trips, researchers found that field trips that had hands-on activities had a 
positive impact on student ability to recall information that they learned while on the trip. It 
was also discovered in this study that students are more willing to participate in education and 
enjoyed this type of learning more than traditional models (Pace & Tesi, 2004). This study 
also found that “field trips, which bring students out-side of the classroom and into the real 
world, are both educationally and socially beneficial for the participants” (p. 30).  
Improved science based teaching strategies have also been implemented in several 
locations nationwide to enhance traditional learning. For instance, problem based learning 
(PBL) creates a student centered environment and increases the hands-on activity time for 
students. “The learners become aware of, and reason about, conceptual relations or describe 
learning as a process of conceptual refinement, and they construct their own 
conceptualizations and solutions to problems. Hence, students should not depend on teachers 
to learn; instead, they should be independent learners throughout their lives” (Sungur & 
Tekkaya, 2006, p. 307).  
In a recent study, similar in scope to the research being conducted in this study, a high 
school chemistry teacher set-up a problem based learning scenario. It was a quasi-
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experimental design. He tested his students both pre and post and based the tests on their 
understanding of acids and bases. After his pre-test, he found little difference in the groups. 
After post-testing, he found that his PBL group scored considerably higher and their overall 
perceptions of the class were much improved as well (Tarhan & Acar-Sesen, 2011).  
The methods used to deliver material is often the most critical portion of teaching 
pedagogy. Both field studies and personal experience are a major part of the learning process 
and cannot go unrecognized in traditional classrooms.  
These examples show that field trips, field studies, and PBL are driven by experience; 
much like reading nature is driven by experience. This hands-on experience is a main driving 
force that leads to a child’s understanding and perception of the natural world.   
Summary 
The purpose of this study was to test two different teaching methodologies to determine 
which teaching strategy will increase standardized achievement and conceptual knowledge in 
students more through the analysis of four content areas (autecology, taxonomy, synecology, and 
systemic view). Reading nature from a bottom-up perspective was tested against traditional 
science teaching methods in the same content areas in order to learn about ecosystems and 
ecology. 
The literature reviewed has explained some key questions related to this study. It has 
shown the major differences and similarities between the reading nature teaching strategy and 
the traditional teaching methodology, as well as provided insight into the curricular structure of a 
textbook approved for use with Common Core standards. The review was able to show how 
reading nature aligns with traditional textbook-based instruction through the Magntorn and 
Hellden’s (2007) four teaching phases. In addition, the literature review has provided evidence to 
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support a teaching method like that of reading nature for use in public and private schools. The 
Georgia Department of Education (2007), along with the Next Generation Science Standards 
(2015) both discussed that this method could prove valuable in providing a differentiated 
instruction technique to meet state standards and may improve standardized achievement test 
scores. Finally, this review has given an indication of the increased need for outdoor learning 
opportunities for children and the importance of outdoor learning environments that a 
methodology like reading nature sees as critically important to the process of understanding 
systems ecology. The following chapters will introduce you to the methods used in data 
collection for this study, and the results that were obtained. 
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Chapter Three 
Methodology 
The purpose of this study was to compare two different teaching methodologies to see if 
there was a significant difference in their ability to increase students’ conceptual knowledge and 
achievement on standardized test questions related to four ecological content areas (autecology, 
taxonomy, synecology, and systemic view). Reading nature, from a bottom-up, outdoor-focused 
perspective was tested against traditional science teaching methods on the same content areas.  
This chapter guides you through the research design, the participants and setting, the treatment, 
the measures, data collection procedures, and the data analysis.  
Research Design 
This study used a practical action research design (Creswell, 2012) which incorporated a 
quasi-experimental approach with a control group and experimental group. The control group 
received traditional textbook-based indoor classroom instruction from a textbook that transmits 
information in a top-down fashion. The experimental group received ‘bottom up’ instruction that 
was largely outdoor-focused.  
Participants  
The participants in this study were students between the ages of 11-13 (grades 6 and 7 in 
the United States). They were invited to participate in this study voluntarily via participant assent 
and parents’ informed consent. (See Appendix C for copies of these forms). All students were 
from a rural private school in the North Georgia Mountains.  All of the participants in this study 
are currently my students, as I am a science teacher at the private boarding school where this 
study was conducted. These students have been in my classes for between one and two years, 
and it was assumed that any new incoming students have all had prior classes regarding the 
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environment in either 5th or 6th grade.  Participants in this study come from varying socio-
economic backgrounds and ethnicities.  The ethnicity of my classroom student body includes: 
African American, Asian, Hispanic, and Caucasian. Caucasians make up 89% of my participants, 
followed by 7% Hispanic, 2% African American, and 2% Asian.   
The participants in this study were students from either the two sixth grade classes or the 
two seventh grade classes at our school.  One sixth grade and one seventh grade class was 
randomly selected to become the experimental group. The other sixth and seventh grade class 
served as the control group. The students within each group did not have random assignment. 
This was predetermined based on the class period they were in. The students did have the right to 
opt out of this study if they wished.  Students that elected not to participate in this study were 
monitored outside the classroom by school administration.  Any students classroom grade for the 
trimester, whether they choose to participate or not, was not be affected by the outcome of this 
study.  This study was intended for educational research only, and a student’s performance 
during the three week study was not to be considered a graded criteria on my trimester syllabus. 
Students were, however, responsible for information they learned during the teaching sequences 
on future classroom exams or quizzes that fell outside the three week parameters of this study.  . 
There are no advanced classes at my school, and all of the participants were at or near the same 
ability level when they started this study. 
In this study, the control group and experimental groups were defined as: 
1. Experimental Group: This is the group of participants who received the reading 
nature methodology, aligned with Georgia State and/or Federal Standards, in four 
content areas (autecology, taxonomy, synecology, and systemic view) who worked 
toward increased content and conceptual knowledge through the bottom up approach 
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as defined by Magntorn and Helldén (2007). These students, worked in an outdoor 
environment and participated in hands-on field work. They had minimal indoor 
instruction in order to learn to read nature. This was largely a differentiated learning 
environment with few traditional teaching methods. The teaching sequences were 
based on the bottom up approach. Students started with autecology and taxonomy of 
the ecosystem in the first content area, worked towards synecology in the second 
content area, and in the third content area, they looked at the systemic view of the 
ecosystem they attempted to read. Each content area was taught in approximately one 
week. 
2. Control Group: This group of participants received traditional teaching methods and 
was taught the same content areas as the experimental group (autecology, taxonomy, 
synecology, and systemic view). Their lessons took place mainly indoors and their 
curriculum was also aligned with Georgia State and/or Federal Standards. The 
textbook they utilized was Holt Science and Technology, Integrated Science: Level 
Green (2008), and is found on the approved textbook publishing list for Georgia 
Common Core. It is also the same textbook used in science at Rabun County Middle 
School. They participated in activities, curriculum, diagrams, and information equal 
in time and quantity to the experimental group, and worked toward improved content 
and conceptual knowledge. They worked through traditional chapters as described by 
the text and curriculum of the textbook, and in the top-down order it is written. They 
used visuals, examples, and any other curriculum as described by the chapter and 
standards. Each teaching content area for the control group took approximately one 
week. 
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Total number of participants in each group: 
A. Control Group 6th grade: 11 Students 
B. Experimental Group 6th Grade: 10 students 
C. Control Group 7th grade: 13 students 
D. Experimental Group 7th Grade 11 students 
Setting 
The setting was a private boarding school, situated in a rural section of North Georgia. 
The campus the students were working on is approximately 18 acres in size at the middle school 
location. It contains three streams, pasture, and hardwood forest. In addition, the school offers 
over 1400 acres available to the experimental group participants to explore. The environment is 
temperate, with an annual rainfall of 78” making it the second wettest environment in the 
continental United States next to Seattle, Washington on average. It is considered a temperate 
rainforest and offers a multitude of science outdoor learning environments.   
Treatment  
The independent variable for this project was the instructional strategy: either a bottom-
up, field-based teaching strategy or a top-down textbook or classroom activity based strategy. A 
detailed curricular guide for each teaching strategy can be found in Appendix B. Each class 
lasted from between 50-70 minutes for approximately 3 weeks. The total teaching time for all 
students leading up to the post test was 11 hours. 
Autecology and Taxonomy. During week one, the experimental group received group 
based “missions” to find and identify common stream micro and macro invertebrates. They built 
their knowledge of autecology and taxonomy by learning about the life cycles of nymphs 
discovered in the stream. Students were immersed in taxonomy and classification of the 
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organisms that reside the Betty’s Creek stream ecosystem in Northeast Georgia. Students began 
by looking at macro-invertebrates and creatures within different water samples. They built 
relationships between the organisms of the micro and macroscopic world. During that same 
period the control group received lectures and completed worksheets related to chapter 15 in the 
textbook that followed chapter ordering of topics.  
Synecology. In week 2, the experimental group was focused on synecology. They learned 
to connect the previous week’s knowledge and move away from the main creek to a side stream. 
There, we focused our activities on stream tributaries. We climbed the mountainside following a 
meandering stream up nearly 300 feet from Betty’s Creek below. Students learned about the 
difference in organisms residing in the tributary and the interconnectedness of the tributary to the 
main stream. Students began their search for vertebrate life in the form of salamanders, snakes, 
and small mammals. Teaching involved looking deeply into food chains, food webs, and the 
interconnectedness of the side stream to Betty’s Creek. The control group had lessons similar in 
structure to those taught in week one. Activities included paper and pencil food webs, food 
chains, videos and diagramming. Hands-on lab activities were taken from the textbook. One 
example includes the modeling a food. Students also participated in a population dynamics 
activity called ‘Oh-Deer.’  
Systemic View. In week 3, students in the experimental group came back to Betty’s 
Creek. They began focusing on the dynamics of energy and geology that shaped the landscape. 
Activities included stream flow exercises, mapping where major deposition is within the stream 
bed, and compared what abiotic factors to biotic factors that were found more often in each area. 
We compared riffle sections with slow moving water, deep, and shallow water zones. Students 
discussed nutrient flow, and ran chemical testing to understand how both nitrogen and acid effect 
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the water quality for the organisms that live there. The control group continued to work through 
Chapter 17 in the textbook, following the same teaching guide supplied by the publisher. All 
activities came from the text and supplements. Videos on ecosystem dynamics were also used. 
Lecture and notes were the main source of information for the students, and included activities 
like nutrient cycle flipbooks taken from the text.  
Measures 
 The dependent variables were subject matter knowledge and conceptual knowledge. Data 
was collected in two ways. First, ecological content knowledge or knowledge about ecosystems 
ecology and science was tested using Georgia standardized achievement test questions. The test 
was created based on current practice standardized test questions in the state of Georgia 
regarding ecosystems ecology. Standardized test questions were drawn from a bank of practice 
questions within the textbook containing the four content areas, and some contained slight 
modifications (i.e. changing a picture to represent the ecosystem we studied). The pre-test was 
given two days prior to the start of the experimental curriculum, and the post test was given two 
days after the curriculum concluded. All testing was done electronically, and multiple choice 
answers were auto-graded. All extended response questions were blind-graded. The program 
allows the teacher to view participants or to turn off the viewing feature. The feature on the 
program was turned off so participant names were not available. The researcher did not have 
access to student names while grading extended response questions.   
Before any teaching began, all student participants were asked to take a pre-test to assess 
their knowledge prior to teaching. The pre-test was done via a secure computer based program 
called Jupiter Grades. The pre-test and post-test each contained 27 multiple choice questions and 
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3 extended response questions relating to all four content areas. An example of these test 
questions can be found in Appendix D. 
Tests were distributed within Jupiter Grades. Within the Jupiter Grades network, is a 
testing program called JUNO. In JUNO, students can gain access to the pre and post-test that was 
created via a secure username and password. They could confidentially fill in their answers 
during the testing sequence. JUNO is made to automatically grade the test upon completion and 
upload it to a private network grade book, where only the researcher and participant can see the 
final score. Participants were also able to access their own score. JUNO allowed for the teacher 
as the researcher to be: 
 1. Completely hands off the testing process, which limited this variable.  
2. Allowed for the student to login at anytime, anywhere to take the test.  
3. Allowed for the researcher to remain non-biased in the grading process.  
4. Protected the privacy rights of students and did not allow for others to see their scores.  
 The second measure was of participant ecological conceptual knowledge. In addition to 
the standardized achievement test, students were asked to create pre and post conceptual models 
(concept maps) to measure their conceptual understanding of ecosystems and ecology. Students 
developed these models based on a tray of 15 natural materials and a few pictures laid out on a 
large lab desk. Examples of the items on the test included the following: clear bag marked ‘AIR’, 
lichen of different varieties, bark beetle chews, preserved specimens of a dobsonfly, a dragonfly 
nymph, a picture of a mayfly nymph, a clear jar of water labeled H2O, largemouth bass model, 
pinecones of different varieties, snake skin and snake model, metamorphic quartzite and igneous 
granite rocks, soil, preserved butterfly, and a preserved rabbit tail. Their task was to connect as 
many items on the tray together as they could, and explain the reason for the links, while 
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showing how they might function together in an ecosystem. Students were previously trained in 
how to create a functional and beneficial concept map. They also learned their importance and 
how they can be useful tools in science before the teaching process began. This measure was 
replicated from Magntorn and Helldén’s (2007) study. They developed the tray test idea to watch 
student progression and conceptual understanding of each content area. In their study, they used 
verbal concept maps. In this study, however, I utilized written or drawn concept maps for both 
control and experimental groups after the student training session.  
Data Gathering and Analysis  
The JUNO pre-tests were completed 2 days before instruction began on the unit. The 
JUNO post-tests were completed 2 days after the three weeks of ecology instruction had been 
completed. Once the JUNO pre and post testing was complete and all of the pre and post tests 
were recorded, I examined the subject’s prior knowledge versus the knowledge gained from each 
type of teaching method. In addition, I compared the types of questions that each group had more 
or less success on to pinpoint any discrepancies. Jupiter grades not only allowed for an averaging 
of scores, but it generated graphs for analysis based on individuals and entire groups. I used the 
analytical tools and quantitative data provided from JUNO to see if the two teaching strategies 
resulted in significant differences between the students’ achievement in the control or 
experimental groups.  
Following the methods used by Magntorn and Hellden (2007), the second measure was 
also using a pre/post-test approach to data collection. Each student created a pre-instructional and 
post-instructional written concept map based on a 15 item tray test. Students received two weeks 
of training on developing concept maps prior to taking the tests as part of this research. The tray 
test analysis was evaluated by using the adapted SOLO Framework (Magntorn & Helldén, 2007) 
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(see Table 1). The concept maps were evaluated on three criteria for both the control and 
experimental groups: Autecology and taxonomy (the identification and ecological relationships 
of a particular plant or animal species), synecology (the ecological relationships of a 
community), and systemic view (the relation between biotic and abiotic components and the flow 
of energy and cycling of matter in the ecosystem). These concept maps were assessed blindly. 
Students wrote their student code on the back of their map, and the concept maps were shuffled 
after all were handed in so that the experimental and control group tests were mixed. A reliable 
student was responsible for shuffling the papers. I assessed them as the researcher. After close 
analysis of each ecological category on the revised SOLO-Framework (reading left to right, 
horizontally), I gave them a final assessment score. The participant’s grade was marked as an 
overall SOLO-Level of either prestructural, unistructural, multistructural, relational, or extended 
abstract. Details for each of these adapted SOLO-Levels can be seen in Table 1. 
 
 
 
 
 
 
 
 
 
  
  35 
Table 1 
Adapted SOLO-Framework (Rubric for Assessment) (Magntorn & Helldén, 2007) 
SOLO 
FRAMEWORK 
Autecology + Life 
cycle, Taxonomy 
Synecology Systemic view 
Prestructural Single aspect, such as 
“breaths air.” Life 
cycles are not 
connected in any way 
nor is any taxonomic 
classification 
attempted.  
There are no 
connections to how 
organisms relate to 
each other in the 
ecosystem. 
Little to no discussion regarding how 
abiotic or biotic elements are related. 
No discussion or connection with the 
flow of energy in an ecosystem is 
discussed. There is no relation of the 
small parts relating to the whole of the 
ecosystem.  
Unistructural As above with at least 
one relevant link to 
taxonomy and an 
organism’s structure or 
reproduction and/or 
life cycle. 
As above with single 
step links between 
different organisms 
such as whom eats 
whom 
As above but also trivial links 
between biotic and abiotic 
components such as the granite and 
quartz rocks provide shelter to fish 
and invertebrates.  
Multistructural Taxonomic, structural, 
and/or ecological 
aspects are linked to 
separate organisms, 
often related to their 
habitat. 
As above but student 
was able to link more 
than two organisms to 
a food chain. The 
student was able to 
recognize common 
groups of organisms 
and shared features.  
As above with different multi-step 
links between biotic and abiotic 
components such as plants do 
photosynthesis, and need rocks and 
soil for nutrients. Cycles are discussed 
on a trivial level. There is some 
connection to succession and the flow 
of energy. 
Relational As above but several 
aspects are integrated 
in a structured and 
meaningful way. 
Different phylum are 
discussed, and the 
student relates body 
structure to taxonomy. 
Shows a relation 
between a single 
organisms and its 
habitat. 
As above but the 
community of organ- 
isms are often linked 
as in a food pyramid. 
The importance of 
plants for the whole 
ecosystem is 
recognized.  
Energy flow in ecosystems is 
described, linking succession to 
abiotic and biotic factors. The sun is 
discussed linking photosynthesis with 
air and/or food. At least one cycle is 
discussed in detail and connected to 
the ecosystem as a whole. Student can 
explain how plants are linked with 
consumers. The student relates 
mayflies and dragonflies to water 
quality. Cycling of matter is trivial or 
not discussed. 
Extended abstract As above but the 
student can generalize 
the link between 
taxonomy and 
autecology between 
different ecosystems 
As above. Student can 
discuss population 
dynamics, how 
predator prey and 
other relationships 
correlate to each other, 
Life cycles are 
connected to 
biodiversity. Human 
impact is discussed.  
As above but there is a greater ability 
for the student to see how the stream 
ecosystem is related to other systems 
like that of the forest as a whole. 
Student connects two or more cycles 
to energy flow, with more focused 
connections on succession... The 
student can draw general conclusions 
about energy and cycling of matter are 
drawn in greater detail. 
Note. The adapted SOLO-levels in relation to the ecological content knowledge. The SOLO-levels are presented 
vertically on the left and levels are related to the sophistication and correctness of the ecological categories 
presented horizontally in the chart (Magntorn & Hellden, p.70).  
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Summary 
     Participants in this study were tested to determine which teaching methodology was 
going to produce the best understanding of ecological subject knowledge and conceptual 
knowledge when being taught in the content areas of autecology, taxonomy, synecology, and 
systemic view.  I tested Magntorn and Helldén’s (2007) reading nature teaching strategy with a 
bottom up perspective versus traditional teaching methods. Teaching sequences lasted for 
between 50-70 minutes, 4 times per week, for 3 weeks. Both teaching methodologies were tested 
with a computer based standardized test. Written concept maps that measured conceptual 
knowledge were used to measure conceptual knowledge after all content areas were taught. A 
rubric was used for assessing the concept maps. The rubrics framework is called the adapted 
SOLO-Framework (Table 1), and I based it on the work of Magntorn and Helldén (2007). Post 
standardized achievement tests and post-test written concept maps were compared and analyzed 
between each group.  
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Chapter Four 
Results 
The purpose of this study was to test two different teaching methodologies to determine 
which teaching strategy will increase standardized achievement and conceptual knowledge in 
students more through the analysis of four content areas (autecology, taxonomy, synecology, and 
systemic view). Reading nature from a bottom-up perspective was tested against traditional 
science teaching methods in the same content areas. 
The data collected was obtained using my own students as part of a practical action 
research project to see if implementation of a curriculum like that of reading nature can be a 
valuable and realistic tool to teachers like myself in the classroom. I developed a stream based 
outdoor curriculum grounded in the original work of Magntorn and Helldén (2007). Plans for the 
implementation of this curriculum can be seen in Table 2. The curriculum lasted three weeks in 
duration, with teaching times varying between 50 and 70 minutes per class. Two classes, 
composed of 6th and 7th grade students, followed traditional top down teaching methods, while 
two experimental classes, also 6th and 7th grade, followed the reading nature bottom up 
approach. A detailed curricular guide can be found in Appendix B. 
Table 2 
Content area plans and progression 
PHASE 1 PHASE 2 PHASE 3 
Student Pre-Test: Standardized Review Sessions Systemic Review  
Student Pre-Test: Concept Map Synecology  1 Week Lessons: 50-70 Min 
Autecology and Taxonomy  1 Week Lessons: 50-70 Min Student Post Test: Standardized 
1 Week lessons: 50-70 Min Review Sessions Student Post Test: Concept Map 
Note. The table above shows the content areas and plans for both the experimental and control groups. Review sessions were 
a regular part of both approaches. This does not include time for the grading of concept maps or standardized tests. 
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Once testing was completed, standardized tests were given and analyzed using JUNO 
grades, a computer software testing and analysis program. A copy of this test can be viewed in 
Appendix D. Concept maps were analyzed and graded using the SOLO-Framework that was 
adapted by Magntorn and Helldén (2007). See Table 1.  
Standardized Achievement Scores 
 
 
Figure 4. Shows the average test score results (by percent) on the pre and post standardized computer based tests. 
These results are based on all participants’ scores within either the control or experimental groups.  
 
The pre-test standardized achievement scores affirmed what other researchers, including 
Magntorn and Helldén (2007), stated in their research that: 1. Students have difficulty classifying 
invertebrates, 2. Students do not have a good grasp of energy flow or the dynamics of an 
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ecosystem, and 3. Students do not have a good understanding of the complexity of food webs 
(Magntorn & Helldén, 2007, p. 2). Pre-test scores for both the experimental groups and the 
controls groups were very similar (Figure 4). Extremely low pre-test scores overall laid the 
groundwork for me to build their knowledge through both teaching methodologies. Students in 
both groups missed clusters of similar questions on the pre-test. The most commonly missed 
questions on the pre-test were those dealing in taxonomy and autecology. Students struggled 
with phylum structure and body plans particularly in invertebrates, and often failed to recognize 
life cycle patterns. Energy flow in an ecosystem was generally misunderstood, and questions in 
regard to systemic view were missed by a majority of students. Results can be seen in Figure 4 
which show the pre and post average test score by percent in each group. There is little 
difference in the pre-test score and the post test score of each group. There was only a 4% 
margin in favor of the bottom-up approach. Although not statistically significant, what is 
significant is the substantial content gains that were made by both groups. Gains were made of 
26% for the control group and 29% for the experimental group. This shows that students in both 
groups gained considerable factual knowledge regardless of teaching style. One central element 
in the teaching process was that the experimental group was not exposed to any textbook work, 
meaning all vocabulary was learned through field studies and personal interaction with the 
environment without the use of notes, diagrams, and or supplemental material. Factual 
information that was learned by the experimental group seemed to be retained without rote 
memorization of facts and figures. 
Concept Knowledge 
 Magntorn & Helldén (2007) believe that concept mapping is a powerful tool to gauge 
student understanding and in particular “complex models like that of ecosystems” (p. 2). They 
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would argue, however, that a written concept map is not as effective as a verbal concept map, 
like the assessment tool used in their 2007 study, because “young students find it difficult to 
make written concept maps and some students benefit from it more than others” (p. 3). To reduce 
this limitation in my study, and given the timing of this study, I prepared my students by giving 
them two weeks of advanced training in making written conceptual models and concept maps. 
The students were well equipped to share their understanding and ideas through maps and the 
students felt comfortable with essay writing and concept modeling more than traditional testing 
by the end of the two week training.  
Soika & Reiska’s research in 2014, shows that student created concept maps “prevent the 
rote memorization of material, can provide summaries of class discussion, and can be a powerful 
tool for assessment” On the other hand, evaluating a concept map can be time consuming and 
difficult. There must be specific criteria that need to be measured which include, “recognition 
and use of concepts, linking of key phrases, degree of ramification, hierarchical depth, and 
presence of cross-links” (p. 663). Using this as a guide, I made minor alterations to Magntorn & 
Helldén’s (2007) wording to fit the needs of my study, but kept the core of their SOLO-
Framework the same (see Table 1) for assessing student’s ability to read nature. Using their tray 
test idea, I placed several items on a large table. These items included the abiotic and biotic 
elements that the students would find in a stream and forest ecosystem in North Georgia. Items 
on the tray included the following:  preserved specimen of a crane fly, a dragonfly nymph, 
mayfly nymph photo, granite, quartzite, different species of lichen, a representation of air and 
water, a largemouth bass model, a snake model, a rabbits tail, a hornets nest, bark beetle signs, 
turtle shells, and tree leaves (both pin oak and maple). Students were presented with one 
question: Name the organisms on the tray, then make connections to these organisms and their 
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environment in as many relevant ways as possible, explaining the reasons for the links. Students 
were given 30 minutes to complete this concept map on both the pre and post-test.   
The pre-test and post-test concept maps were graded in two stages. First, I went through 
each concept map and circled or checked for corresponding autecology, synecology, and 
systemic view understandings that were linked in a relevant way. I looked for a clear presence of 
the five degrees of understanding that Soika & Reiska (2014) suggest. Each teaching content 
area received a mark of prestructural, unistructural, multi-structural, relational, or extended 
abstract understanding based on Magntorn & Helldén’s (2007) SOLO-framework. In the second 
grading stage, the three groupings of understanding were analyzed further, particularly if there 
was a large difference between marks for each teaching content area. The student was then given 
a final mark for their overall conceptual understanding as read horizontally across the SOLO-
Framework rubric. I repeated this process three weeks later on the post-test concept maps. The 
results for these conceptual maps can be found in Figures 4 and Figures 5. I felt it necessary to 
divide each Figure by grade level to see if there was a difference in growth based on age. I found 
that the older students were able to conceptualize the stream ecosystem better by the end of the 
teaching content areas. The goal was to move all students from a prestructural understanding of 
ecosystems ecology to an extended abstract understanding through both teaching styles to see 
which method was more effective. Table 3 shows the number of levels the students were able to 
move conceptually in both the control and experimental groups. These results show that the 
experimental group had more growth in understanding and were able to move through the 
SOLO-Framework with a higher level of understanding and connection. 
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Table 3 
Individual student movement in the Solo-framework after post test 
 
Unlike the standardized test results which showed similar gains by both groups, the 
concept mapping results show that there was observable difference in the growth of students 
when a curriculum like reading nature is implemented. In both grade levels the number of 
students staying at the prestructural level of understanding was surprisingly high in the control 
groups. In 6th grade only 2 students gained additional conceptual knowledge and in 7th grade only 
3 students increased their conceptual understanding of ecological systems from the traditional 
top down teaching styles. Conversely, all but 2 students were able to increase their concept 
knowledge in 6th grade, and all of my students in the 7th grade experimental group moved passed 
prestructural understanding to a more advanced level of understanding when the reading nature 
or bottom-up approach was used.  
Number of students who . . . Control Groups Experimental Groups 
Stayed at the same level 18 7 
Advanced 1 level 5 11 
Advanced 2 levels 1 3 
Advanced 3 levels 0 0 
TOTAL Participants Control (n=24) Experimental (n=21) 
Note. Table 3 shows the movement through the SOLO-framework levels that were made by all participants in both 
the control groups and the experimental groups.  
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Figure 5. Shows 6th grade results for pre and post written concept maps in both control and experimental groups. 
 
 
 
 
Figure 6. Shows 7th grade results for pre and post written concept maps in both control and experimental groups. 
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It is worth noting that unlike Magntorn & Helldén’s (2007) study, none of my students 
were able to move into the extended abstract understanding. Perhaps given more time in the 
reading nature curriculum, a deeper appreciation and understanding of the stream ecosystem 
could be achieved. The graphs in Figures 5 and 6 give only a superficial view of the movement 
towards the student’s ability to read nature. For example, the development of one of my lowest 
level 7th grade students (Joe) is shown in Figures 7 and 8 and trace his growth and understanding 
through the four content areas. His ability to read nature is mapped. 
   In his pre-test concept map, “Joe” showed poor relationships, lack of hierarchical depth, 
very few cross-links with the items on the tray. I classified him as 
prestructural on the revised SOLO-framework in Table 4 below.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Joe’s concept map from the experimental group (pre-test). The example above is a written 
concept map for a low level 7th grader in my experimental group as he examined the items on a tray for 
his pre-test on conceptual knowledge of ecosystems. 
Quartz 
 
Earth 
 
Live in 
 
Cold Blooded 
 
Fish 
 
lives on Earth 
 
is a home 
 
Land 
 
Snake and turtle 
 
Breaths Air 
 
Born 
 
Rabbit 
 
Dragonfly 
 
Mayfly 
 
Has a shell 
 
Trees 
 
Make Rock 
 
Granite 
 
Birdnest 
 
Pinecone 
 
Grows 
 
KEY 
Green: Shows taxonomy 
connections 
Yellow: Shows autecology and 
life cycle connections 
Blue: Shows synecology and 
systemic view connection  
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You can see from looking at Joe’s concept map that ecosystem relationships are initially 
poorly understood. In a traditional science classroom, Joe is an average to poor student. He 
routinely gets C’s and D’s and an occasional F on tests and quizzes. However, Joe participated in 
all content areas in the experimental reading nature curriculum. He used no textbooks, took no 
notes (except for completing classwork activities), and participated fully in all outdoor activities. 
After three weeks, Figure 8 (on the following page) shows Joe’s post concept map testing result 
using the same fifteen items on the tray. Table 4 is cut from the adapted SOLO-framework to 
show how the rubric was used in the grading process for the pre-test.  
Table 4 
How student was assessed for Prestructural understanding 
 
 
 
 
 
 
 
 
 
 
 
 
Autecology and Taxonomy 
Single aspect, such as “breaths 
air.” Life cycles are not 
connected in any way nor is 
any taxonomic classification 
attempted.  
Synecology  
There are no connections to 
how organisms relate to each 
other in the ecosystem. 
Systemic View 
Little to no discussion regarding how abiotic or 
biotic elements are related. No discussion or 
connection with the flow of energy in an 
ecosystem is discussed. There is no relation of 
the small parts relating to the whole of the 
ecosystem.  
Note. The responses are often inadequate and the student is frequently referring to irrelevant aspects. The chart is 
read horizontally (Magntorn & Hellden, p. 70). 
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Figure 8. Joe’s concept map from the experimental group (post-test). 
The example above is a written concept map for a low level 7th grader in my experimental group as he 
examined the items on a tray for his post-test on conceptual knowledge of ecosystems. 
  
Feeds on those 
 
ROCK 
 
Lives in water: breaths air 
Rock breaks down and 
makes soil 
 
Fish: Bass and Trout 
 
Lichen Grows on a rock 
and begins to break it 
down 
 
Bushes and plants make 
air through 
photosynthesis 
AIR: water contains 
dissolved oxygen 
(because of) rocks 
and rapids 
Mayfly  
 
Dragonfly nymph 
 
Primary Succession, first 
mosses then grass. Then 
bushes – softwoods -
hardwoods 
 
Quartz 
 
Granite 
 
Softwoods grow 
Pinecones 
 
Turtles 
 
Rabbits feed on 
primary succession 
 
Snakes can eat rabbits 
 
Termites live 
in dead wood 
 
Birds eat 
termite 
and make 
nests in 
softwoods 
 
Termites 
and 
bee/wasps 
are in the 
same 
kingdom 
 
KEY 
Green: Shows taxonomy 
connections 
Yellow: Shows autecology and 
life cycle connections 
Blue: Shows synecology and 
systemic view connection  
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As you can see from this concept map, Joe has made great strides in showing his 
understanding, particularly in how succession plays a critical role in the development of the 
ecosystem. Through his personal experience with the curriculum, he saw succession as the glue 
for the ecosystem and made the connection to the creatures he discovered in the stream with 
succession. Moreover, he sees the abiotic factors such as the rock, soil, and air playing critical 
parts within the ecosystem, as he decided to use those factors as his base. He also has shown 
improved understanding of food chains by connecting turtles and fish to macro-invertebrates, as 
well as rabbits to primary succession, and demonstrated predator-prey relationships with the 
snake eating the rabbits. Although he lacked relevant information on life cycles and detailed 
taxonomy, he was able to show much improved understanding of the interactions of organisms 
with other biotic and abiotic factors. This improvement moved him to multistructural on the 
revised SOLO-Framework as seen in Table 5.  
Table 5 
How student was assessed for multistructural understanding: 
Autecology and Taxonomy 
Taxonomic, structural, and/or 
ecological aspects are linked 
to separate organisms, often 
related to their habitat. 
Synecology 
As above but student was 
able to link more than two 
organisms to a food chain. 
The student was able to 
recognize common groups of 
organisms and shared 
features.  
Systemic View 
As above with different multi-step links 
between biotic and abiotic components such 
as plants do photosynthesis, and need rocks 
and soil for nutrients. Cycles are discussed on 
a trivial level. There is some connection to 
succession and the flow of energy. 
Note. Causal chains are given in the explanations, linking two or more objects together and referring to relevant 
ecological theory. There is no attempt, however, to raise the explanations and linking to the level of a 
generalization. No process or abstract relations are discussed (Magntorn & Hellden, p. 70). 
 
Joe is just one of many of examples in my classes on the success of the reading nature 
curriculum. As his teacher for two years, this shows me a much clearer picture of his 
understanding, an understanding that he most likely would not have achieved in the traditional 
framework. If Joe were to be assessed purely on his standardized test scores, he would have 
failed ecology with a post-test score of 20/36 or 55.6%. His post-test score was 19.5% better than 
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his pre-test score of 13/36 or 36.1%. Joe’s scores serve as an example for students who are 
struggling in a traditional classroom that may benefit from a curriculum like reading nature. 
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Chapter 5 
Discussion and Action Plan 
 The purpose of this study was to test two different teaching methodologies to see which 
teaching strategy would increase standardized achievement and conceptual knowledge in 
students more through four content areas (autecology, taxonomy, synecology, and systemic 
view) in order to learn about ecosystems and ecology. The primary goal was to help students 
move to a more advanced understanding of the environment and ecology. Through this type of 
environmental education, the long term hope is that students build awareness for the ecosystems 
in which they live and become more environmentally literate.  
It is only by intimately knowing the wonder of nature's complexity in a particular place 
that leads to a full appreciation of the immense beauty of the planet as a whole (White & 
Stoecklin, 2012, p. 3). 
 
The results from this study demonstrate that the bottom-up approach is useful in helping 
middle school students understand and conceptualize ecosystems and ecology. This approach is 
potentially more effective than traditional methods currently used in a large number of schools 
across the country. As student’s learned to read nature in the experimental group, my 
observations have led me to believe that they grew their conceptual understanding of ecosystem 
dynamics faster and more effectively than the traditional teaching methodology, mainly because 
the student seemed to be the driving force behind their own learning. Moreover, the reading 
nature bottom-up approach demonstrated that it can be as effective as traditional methods at 
increasing learning gains on standardized testing. Both the bottom-up and top-down approaches 
increased standardized test scores, but it was the bottom-up approach that allowed students to 
conceptualize the ecosystem more clearly and moved the students to a more advanced level of 
conceptual understanding in the adapted SOLO-framework. From my observations and daily 
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contact with the students, I was able to observe and generally assess their interest level 
throughout the lessons. My observations have led me to believe that through direct contact with 
their surroundings, and by looking at the small details of the ecosystem first, students seemed to 
make valuable personal connections to the lessons. They were able to learn the material more 
intrinsically and class content was retained more often in our review sessions by the 
experimental groups. It was not uncommon to receive e-mail pictures weeks later from my 
students who had discovered items in their own backyards that they wanted to share their 
discoveries with me. 
 The results of this study also speak to a greater problem in education, and that is the 
increased use of standardized tests to gauge what we as educators “think” students understand. 
Casually speaking, if I were to have ended this study solely with a standardized test as my only 
measure, the results would have been inconclusive because the differences in the standardized 
test scores in this study were minor. Both groups achieved gains on the standardized test portion 
of this study, and my final conclusions would have been that both methodologies were equally 
valuable in teaching ecology. I have found that this is not the case, however.  
A large portion of students who learned through the traditional, top-down methodology 
cannot explain or connect what they have learned in a reasonable and clear way. Their ability to 
read nature was minimal. Top down methodology did not allow my students to fit the cognitive 
pieces of the ecosystem together properly. For instance, 46% (5/11) of my 6th graders and 30% 
(4/13) of my 7th graders did not move past prestructural on the post test of the revised SOLO-
framework when the top down methodology was used. Conversely, when the reading nature 
approach was used, only 20% (2/10) of 6th graders remained in prestructural and 0% (0/11) of 7th 
graders remained in prestructural (with several performing as high as relational). 
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The results of this study provide some evidence that the traditional means of educating 
young children in science does not allow for deep synthesis of information. Students in the 
control groups were able to recall factual information for a multiple choice standardized test, but 
applying and connecting the material they learned through the traditional methodology was not 
evident in a large percentage of my control group when they were asked to connect concepts.   
Classroom Observations 
From an observational standpoint, all of my classes seemed highly engaged in the each 
curricular approach. At first, the students in the control group felt some animosity towards the 
experimental group. They would hear stories about how they got to travel outdoors and “play” in 
the stream. I use quotes around “play” because I believe that is how the experimental group 
viewed their learning. Albert Einstein once said, “Play is the highest form of research.” After 
experimenting with the reading nature curriculum, it is easy to see how he came to such a simple 
conclusion. When the students got to class each day, they felt like they were on a new adventure. 
I could always see the excitement in their faces as the experimental group entered the room, with 
boots and jackets in tow. Regardless of weather, we traveled outdoors and into the environment 
to be read, sometimes in much less than ideal conditions. Students were always excited 
regardless of weather conditions, and it was an excitement that I did not readily see in the control 
groups.  
In the traditional classroom, however, I was also generally impressed with how engaged 
most of the students stayed. Regardless of the teaching style, students were very interested in the 
subject matter, and the control group was always excited to do hands-on classroom activities like 
“Oh Deer,” a population dynamics activity, or work on their succession flip books.  
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From a conceptual learning perspective, however, the reading nature approach that 
allowed students to be engaged in the environment had a different impact on the students. They 
were able to make connections that were applicable, authentic, and meaningful to each student. 
Magntorn (2007) points out that, “Learning becomes meaningful when the learner is given 
opportunities to relate, and choose to relate, new knowledge to prior knowledge in a non-
arbitrary and substantive way. When meaningful learning occurs the connections between the 
concepts become more precise and better integrated with other concepts” (p. 25). In almost every 
instance, students found something that was out of the ordinary. We used these objects as 
teachable moments. Students discovered beaver chews, galls, hornet nests, and live muskrats 
living on the shoreline. For the students, these were meaningful learning experiences. These were 
not planned, rather, “found” by the students and that drew in their interest to want to know more. 
This is, by chance, is one of the fundamental goals of reading nature, to capture the subject 
matter that interest’s individual students. 
 Moreover, from the review sessions I led each day, from the connections I observed on 
the concept maps, through comments made in class, the students working from a bottom-up, 
outdoor focused perspective were better able to connect big picture concepts to the smaller 
autecology and taxonomy of the aquatic individuals that they studied and experienced in the 
stream. It became easier for them to ask questions in this setting. The experimental group seemed 
to obtain the detailed knowledge they needed to make the bigger picture work. The autecology 
and identification of key organisms captured their interest quickly in the subject matter. 
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Classroom Action Plan 
This study encompassed 5 weeks of school time (plus 2 weeks additional for grading and 
analyzing post-tests). The following is a description of what my intentions are for the future of 
my classes and for my school based on the process and results of this study. 
• Improved assessment techniques (Conceptual and Computer based) 
 It became apparent in the planning of the project that I would not be able to interview all 
of my students in order to use verbal concept maps. I chose to prepare my students on written 
concept mapping, and routinely gave them practice at making concept maps. I used chapter 
resource on compounds, mixtures, and elements to help train my students on the proper methods 
for constructing both conceptual models and concept maps. In general, the students found 
concept mapping to be “fun” and many of them saw it as a type of game. Others saw it as a form 
of art. Some would draw detailed pictures, while others would write elaborate explanations.  
In the future, I would like to compare written concept mapping assessments with verbal 
concept mapping exercises as demonstrated by Magntorn & Helldén (2007), to see which type of 
assessment could prove more valuable to my students.  Their study has been a real inspiration on 
how to teach in a unique and differentiated outdoor classroom. I intend to utilize what our school 
calls “critical friends meetings” next year to develop more differentiated assessment techniques 
with my team of teachers. Using this project as a guide, I have learned that commonplace and 
routine assessments that are often the easiest to grade are not always the best means to assess 
what a student knows or understands. Moreover, I continue to find as an educator that it is 
important to assess student knowledge throughout the instruction. From my fourteen years of 
experience as a teacher, I have learned that assessment does not always have to come at the end 
of a unit. One of the most important places to assess a student is at the beginning of instruction. 
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A teacher cannot get a student to where they want them to be if they don’t know where they are 
coming from. Constant and necessary review sessions prior to teaching my content areas in this 
study proved valuable in assessing what the students already knew.  
A key facet of my Environmental Education training at Wolf Ridge Environmental 
Learning Center continues to be one of my hallmarks of teaching here in Georgia as well. As a 
teacher I was able to get them to where I wanted them to go. In teaching both groups, I would 
begin my lessons with “What do you know?” and “What do you want to know?” At the end of 
each class we would wrap up with, “What do you know now?” This was valuable to the lessons, 
and continues to be the way I teach all of my classes. It gave the students a sense of structure and 
guidance, particularly in an outdoor environment. The students always seemed to know what the 
task was and what they were attempting to get out of it. 
I used a computer program called Juno (via Jupiter Grades) for the first time in this study, 
and the test was set up in a way that students could take them via secure computer network. The 
tests I would create using this system would not be multiple choice in the future. Administrators 
of the program can utilize any number of questions, utilities, and analytics. Students can also get 
instant feedback if their answers are not correct, incomplete, or need hints. Using this program 
was a considerable learning curve, but I will be utilizing it in the future to enhance student 
assessment. It is incredibly user friendly, secure, and uses less paper than a traditional test. 
• Realistic possibilities 
I am encouraged that given more time, and further development of the curriculum I have 
generated in learning about reading nature in this study, that I will be able to utilize it as a 
realistic tool for educating students in this school setting. There is ample opportunity for future 
research with a project like reading nature. For instance, I would be interested in knowing the 
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long term effects and retention rates of students after engaging them in this curriculum. In 
addition, I would be interested to know how students perceived this curriculum, or how this 
curriculum could be adapted to an inner city school with more diverse backgrounds. I believe the 
results could be similar in almost any location.    
In having a discussion with my head of school, I feel empowered to create a 60-40 split of 
differentiated instruction (like that of reading nature) to traditional instruction in my classroom 
for next year. Ideally, I would be prone toward moving away from traditional instruction all 
together, but I believe it has its place in education, and it has its own benefits, particularly to 
younger students who are still obtaining writing and vocabulary skills in science education.  
• Outdoor learning spaces:  
Currently, I am leading a project with a group of colleagues to bring an outdoor classroom 
area to our school that will give us direct access to pond studies, succession areas, and a large 
interpretive nature trail that connects two mountain streams. The capstone project that I have 
been planning and conceptualizing is an A-frame treehouse outdoor classroom. This classroom 
building would sit in the canopy of our oak and maple trees on the property and overlook the 
interpretive trail below and the mountains in the distance. My goal is to get students outdoors 
and into different environments to be able to make better connections to the world in which they 
live. This study has helped motivate me to do more for my students. I recently sat down with our 
advancement office to come up with funding ideas on how to make this vision a reality. They 
have already started the search and are currently seeking donors for $30,000 for this project to 
get off the ground. This is something I am very excited about and look forward to achieving for 
my students and my school. 
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Limitations 
• The pre and post achievement test was the same test given both at the beginning and the 
end of the experimental period. Questions and answers were scrambled. Conceptual 
understanding was measured with written concept maps after a two week training 
session. This proved critical in the preparing the students to confidently put together a 
logical concept map. This would be an important component if anyone wished to 
reproduce a study of similar to this. 
• The researcher was also the student’s science teacher. I took several measures to reduce 
bias within this study such as computer-based grading, and blind grading of concept 
maps. 
• The tray test was composed of the same 15 items for both the pre and post concept 
mapping assessment. Students did not seem to recollect many of the items on the tray, 
even after testing. 
• This study did not test longitudinal retention of material or student opinions on the 
environment. 
Summary 
 This study has demonstrated that the bottom-up, outdoor-focused, approach is useful in 
helping middle school students understand and conceptualize ecosystems and ecology better than 
traditional methods. Through observation and experimentation, I’ve learned that the outdoor 
component is a key to reading nature and assists the bottom-up approach in its success. The 
students take ownership of the material, find creatures, and develop questions that interest them. 
In doing this project, I witnessed several of my students who struggle with traditional classwork 
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find success. This research has helped show that a standardized means of assessment is not 
always the best measures of a student’s conceptual understanding, particularly in a scientific 
field where there are so many interrelated concepts and bits of discrete information like that of 
ecology. This study has also given me better insight into how I view my classes, my students 
learning, and the direction I want to take my students and my school both now and in the future.   
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  62 
extend beyond five years, you must submit a new application to the IRB before the study's 
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Appendix B 
 
Week 1: Curricular Structure (Traditional vs. Reading Nature Approach) 
FOCUS: Autecology - Taxonomy 
Traditional Plans: Control Group Reading Nature Plans: Experimental Group 
Day 1: 50 minutes 
The Animal Kingdom 
• 10 Minutes: Warmup discussing what 
makes an animal an animal? 
 
• 25 minutes: Use a smart board 
program to understand classification 
and taxonomy of animal world. 
 
• 20 minutes: Wrap up by doing reading 
and review questions from book. 
 
Day 1: 50 Minutes 
What animal do you find most interesting? 
• Head to creek on bus: 5 minutes 
40 minutes 
• Teach the process of catching 
invertebrates. Let students attempt to 
collect.  
• Develop a small collection of macro-
inverts. Record and identify 
taxonomic names using ID cards.  
• Gather students around collection bins 
and discuss characteristics of 
invertebrates.  
• Back to classroom (5 minutes) 
Day 2: 70 minutes 
Putting the Invertebrate where it belongs. 
• 5 Minutes: Review from yesterday, 
warmup discussing invertebrate 
phylums and characteristics 
• 30 minutes: Learning invertebrate 
phylums activity with preserved 
organisms in class. 
• Class reading from book: (25 minutes) 
Invertebrates pages 458-462.  
• Wrap up discussion on inverts with 
group questions. (10 minutes)  
Day 2: 70 minutes 
Invertebrates: Life Cycle and Structure 
• Back to creek on bus 5 minutes 
• Students catch organisms, focusing on 
the ID’ed creature they found most 
interesting yesterday (20 minutes). 
• Invertebrate body structure lesson and 
life cycles of invertebrates in field. 
• Students diagramming and drawing of 
invertebrates found in the field.  
• Complete and incomplete 
metamorphosis explanations and body 
structure features using organisms at 
site.  
 
Day 3: 50 minutes 
Vertebrate Body: Structure and Function 
 
• 5 minutes: Warmup: What is the 
difference between a vertebrate and 
invertebrate? 
• 25 minutes: Vertebrates: Identify key 
vocabulary: Reading pages 464-468 
• 20 minutes: Watch a short video on 
vertebrate’s animal characteristics. 
Day 3: 50 minutes 
Vertebrate Body: Structure and Function 
Vertebrate study: The search for salamanders, 
snakes, turtles, reptiles and other amphibians. 
 
• Drive to salamander site (5 minutes) 
to search for vertebrates. Students will 
explore a 100 m section of stream to 
measure vertebrate population density. 
Findings will be recorded into data 
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• Conclude with question and answer 
session. 
 
tables. 
30 minutes 
• Class discussion on structure and 
function of vertebrate body plan using 
found specimens. (10 minutes) 
Day 4: 50 minutes 
Putting it all together:  
Most wanted Organism 
• Students Meet in Tech Room:  
• Students are too complete a taxonomic 
project on the animal of their choice. 
The project is called the “Most 
Wanted Organism” Students are to 
research and learn about an 
invertebrates or vertebrates taxonomy 
as well as their life cycle. They must 
complete the worksheet as well as 
accompanying diagrams within 50 
minutes.   
 
Day 4: 50 minutes 
Using the creatures obtained in the creek 
beds: Basic Taxonomy of Vertebrates and 
Invertebrates 
 
At outdoor learning station: (40 min) 
• Taxonomy Activity: Placing of 
invertebrates into proper phyla: Using 
organisms, & phyla cards, students 
will place different macro-inverts into 
different bowls based on 
characteristics of their phylum 
• Vertebrate vs. Invertebrate 
discussions, as well as their place in 
the animal kingdom. 
• Wrap-up (10 minutes) 
 
 
Week 2: Curricular Structure (Traditional vs. Reading Nature Approach) 
FOCUS: Synecology 
Traditional Plans: Control Group Reading Nature Plans: Experimental Group 
Day 1: 50 minutes 
Everything is connected: 
• 10 Minutes: Warmup, what is an 
environment? 
 
• 30 minutes: Visual aid activity Diagram 
the levels of environmental organization 
on earth.  
 
• 10 minutes: Wrap up by doing short 
reading and review questions from book. 
 
Day 1: 50 Minutes 
Searching for relationships? 
• Head to salamander site: 5 minutes 
• Identify natural relationships students find 
in the woodland ecosystem after short 
explanation and guided on terminology: 
Commensalism, parasitism, symbiosis, 
and predator-prey. 
• Students are to report findings and 
diagrams via group exploration within 
100 sq. meter section of forest and stream 
ecosystem. (45 minutes) 
Day 2: 70 minutes 
The energy pyramid 
• 5 Minutes: Review from yesterday: What 
is an environment?   
• 45 minutes: Animal interactions in their 
environment: Identify Key Vocabulary 
from book reading (484-487). 
Day 2: 70 minutes 
Food Webs (natural connection) 
• Back to salamander site 5 minutes 
• Using a section of rope/string, students 
need to create a micro-food-web 
amusement park. There must be a 
relationship between each organism that 
  65 
• ACTIVTY: “Oh Deer” in gymnasium. 
Students will act as a population of deer 
surviving in the wild. In search of Food, 
water, shelter, and space, they must 
overcome hardships and predators in 
order to survive.  
• Wrap up discussion and graph of 
population densities from game.  
is a “themed ride” at their park. How the 
students connect at least 4 rides will be 
important, and must have a producer, 
consumer, decomposer involved in the 
amusement park. They must also include 
1 abiotic factor in their amusement park 
ride and must develop a presentation on 
the relationships of their rides. (50 
minutes) 
• Presentation of parks: (10 minutes) 
Day 3: 50 minutes 
Food Chains and Food Webs continued 
 
• 10 minutes: Warmup: Review 
conclusions from yesterday’s game. How 
are organisms tied together in an energy 
pyramid?  
• 35 minutes: What is the difference 
between a food web and an energy 
pyramid? Activity: Ball of yarn food web 
exercise.  
• Conclude with question and answer 
session from text. 
Day 3: 50 minutes 
Energy flow in an ecosystem 
Outdoor activities (30 minutes) 
 
• Lap sit game: Food web 
• Algae, Mayfly, Trout tag 
 
20 minutes: Class discussion on outcomes of the 
activities and how energy flows in an ecosystem. 
Class diagramming activity.  
Organism interactions 
Day 4: 50 minutes 
• Warmup: Student guided reading as class 
pages (490-496). (15 minutes) 
• Class discussion and lecture session with 
classroom examples, pictures, and video 
on the following: (35 minutes) 
a. Symbiosis 
b. Predator and Prey (with camouflage 
paper activity) 
c. Co-evolution 
d. Competition 
Day 4: 50 minutes 
Everything is connected:  
 
• Student reflections of the week 
• Students will drive, then hike, to a 
lookout overlooking campus. They will 
sit in a pasture with paper, clipboard, and 
pencil. Their task will be to look out over 
our stream site, mountain setting, and 
salamander site and create an ecosystem 
reflection map. I will present them with 
one task: Reflect on your experiences this 
week and last. Draw a diagram that 
connects everything you have seen and 
experienced. How is this connected to 
you?  
• Class will end with a brief discussion of 
their reflections and drawings. 
 
 
 
 
Week 3: Curricular Structure (Traditional vs. Reading Nature Approach) 
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FOCUS: Systemic View 
Traditional Plans: Control Group Reading Nature Plans: Experimental Group 
Day 1: 50 minutes 
Cycles of Matter 
• 10 Minutes: Warmup, what is water? 
 
• 40 minutes: Visual aid classroom activity: 
Flip book of Cycles (2 day activity).  
 
• Students will create flip-books of the 
water cycle, carbon cycle, nitrogen cycle. 
Class discussions and lectures will follow 
each completed flap completed.  
Day 1: 50 Minutes 
Succession 
• Students will be driven to a field outside 
the stream site. Here they will walk 
through four levels of succession 
(grasslands, to scrub, to softwoods, to 
hardwood forest) on a hike to their stream 
stations. (30 minutes) 
• Once at the stream stations, students will 
discuss the importance of biodiversity in 
the woodlands and the stream that we 
explored. Students will attempt to make 
connections to the vertebrates and 
invertebrates that they saw in week 1 
within the stream bed. 
Day 2: 70 minutes 
Cycles of Matter Continued 
 
• 35 minutes: Time to complete flip-books 
and finish discussions on cycles 
• Lab Demo: Water Cycle and Carbon 
Cycle demonstrations: Quick Labs  
(15 minutes). 
• 20 minutes: Video on what are abiotic and 
biotic factors in our environment.  
Day 2: 70 minutes 
Physical and Chemical water testing 
• Back to stream site 5 minutes 
• Students are aware of the biological 
factors in the stream. In this lesson 
students will see what the physical and 
chemical make-up of their stream is. They 
will look at inflow, deposition from inlet 
stream, measure temperature, pH, and 
dissolved oxygen. 
• Class will conclude with a discussion on 
the abiotic and biotic factors that 
influence and ecosystem.  
Day 3: 50 minutes 
Succession 
• 5 minutes: Warmup: Review the 3 main 
cycles on our planet.  
• 35 minutes: Succession Game: Students 
begin as a seed, and need to win a game 
of rock, paper, and scissors to grow and 
succeed the lower life form. The ultimate 
result is that they become a super –
organism and tower over all the lower life 
forms.  
• 10 minutes: Conclude with question and 
answer session from text. 
Day 3: 50 minutes 
Water Cycle 
A drop of water in the mountains hiking! 
• Students will become rainfall and follow 
the flow of water from the top of the 
mountain, through our salamander site, 
through an inlet stream, and to the main 
stream. We will extrapolate that by 
looking at maps, and seeing which rivers 
the drop of water will exit to the ocean in. 
We will also discuss on our hike the rock, 
soil, and leaf litter that influences water 
chemistry. (30 minutes) 
• 20 minutes: Class diagramming activity.  
Day 4: 50 minutes 
Succession continued:  
• Warmup: Student guided reading as class 
pages (512-515). (15 minutes) 
• Students will go outside on a school yard 
Day 4: 50 minutes 
Cycles of Nitrogen and Carbon Tour 
 
• Students will travel to a factory nearby 
that burns mulch for electricity. We will 
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hike to view varying levels of succession. 
We will view bare rock, lichens, 
unmaintained farmland, weeded areas, 
scrub brush areas, and old growth forest 
with hardwoods.  
• Class will end with a discussion on the 
importance to maintain biodiversity in an 
ecosystem.  
discuss the rolls humans play in these 
cycles.  
• Heading back to the stream site, we will 
look at the leaf litter within our creek 
sites, and discuss the nitrogen cycle from 
the burning of Mulch for electricity. 
• Students will finish the teaching sequence 
by discussing final thoughts and 
reflections.   
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Appendix C 
 
Adult Informed Consent Form 
The University of Minnesota, Duluth 
Primary Researcher: Johnathan BySura 
Title of Thesis: Reading Nature as a strategy to increase science achievement and ecological 
content knowledge in middle school students. 
---------------------------------------------------------------------------------------------------------------------
---------------- 
I am writing you today asking for your voluntary participation in my Masters Degree Research. 
Please read the following information about the project carefully. If you would like to allow your 
student to participate, please sign and date in the appropriate spaces below. 
Purpose of the project: The objective of this study is to use a teaching strategy that incorporates 
the "bottom up" approach in teaching science education. I hope to find out if this approach will 
lead to increased science achievement and improved ecological concept knowledge compared to 
traditional learning methods over the same time period. The bottom up approach begins with a 
single organism in an ecosystem, and leads to teaching lessons based on four content areas that 
build from the foundation of organism identification. The content areas are taught in an outdoor 
classroom so that students can make connections to the entire ecosystem that they will eventually 
learn to “read.” In general, the more ecologically literate students become, the better they are 
able to "read nature." 
If your student participates, she or he will be asked to: Student participants will be put into 
one of two groups. Your student may be part of a control group or an experimental group. 
Students in the control group will undergo a series of classes that follow traditional textbook 
based instruction, with little to no interaction outdoors, and much of the learning will take 
through traditional bookwork, activities, videos, and other standardized curriculum. Students in 
the experimental group will follow a series of classes that take place outdoors on a daily basis, 
rain or shine. These students will be asked to participate in several outdoor field studies in a 
stream and forest ecosystem. Both groups will be required to take two computer based tests and 
complete two concept mapping exercises given both before and after the experimental teaching 
sequences as a measure for content and conceptual knowledge.   
Time required for participation: Classes will take place during students’ science period for 
three full weeks and all research will take place during school hours.  
Potential Risks of Study: There is minimal to no risk involved in this study. This study does not 
ask or expect participating students to do anything more than they would do on a normal school 
day. 
Benefits: You and your student will help teachers and administrators better understand how 
students learn. Moreover, all students will gain the knowledge and skills to do proper field work 
as well as learning more about the natural environment.  
How confidentiality will be maintained: All testing will be handled through Juno and Jupiter 
Grades. Only students and parents will have access to student performance during the testing 
portion of this research. All names and student data will remain securely on the Jupiter Networks 
server for you to log in and view.  
If you have any questions about this study, feel free to contact: 
Researcher: Johnathan BySura Phone/email: (561) 531-3935 or jbysura@rabungap.org 
Voluntary Participation Statement: 
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Participation in this study is completely voluntary. If you decide not to participate there will no 
negative consequences. Please be aware that if you decide to participate, you may stop 
participating at any time. Anyone who does not participate in this study will be allowed to work 
outside my classroom for the duration of the experimental teaching sequences and will follow 
book work and assignments given by the school administration.  
---------------------------------------------------------------------------------------------------------------------
----------------- 
By signing this form I am attesting that I have read and understand the information above and I 
freely give my consent for my child/student to participate. 
PARENT-GUARDIAN CONSENT: 
Adult Informed Consent: ___________________________________ Date: _________ 
Print Name: 
___________________________________________________________________________ 
FOR PARTICIPANT/STUDENT ASSENT:  
Printed Name of Student Research Participant ____________________________________ 
AGE:_____________ 
 
 
Student Assent Form 
Student Acknowledgment for Participation in Research 
Dear Student, 
I am writing you today asking for your voluntary participation in my Masters Degree Research. 
Please read the following information about the project carefully. If you would like to be a 
participant in this study after reading the details below, please sign and date in the appropriate 
spaces at the bottom of this document. 
Purpose of the project: The objective of this study is to test a teaching strategy that incorporates 
the "bottom up" approach in teaching you science education. I hope to find out if this approach 
will lead to increased science performance and improved ecological understanding in students 
your age. The goal is to find out what teaching strategy is best for you to learn to “read nature.” 
In general, the more ecologically literate you become, the better you are able to "read nature." 
If you participate, you will be asked to: You will be put into one of two groups. You will be 
selected randomly as part of a control group or an experimental group based on your current 
class. If you are in the control group, then you will undergo a series of classes that follow 
traditional book work and labs, with little to no interaction outdoors, and much of the learning 
will take place through varying activities, videos, and other standardized curriculum. If you are 
in the experimental group, you will follow a series of classes that take place outdoors on a daily 
basis, rain or shine. If you find yourself in the experimental group, then you will be asked to 
participate in several outdoor field studies in a stream and forest ecosystem. Both groups will be 
required to take two computer based tests and complete two concept mapping exercises given 
both before and after the experimental teaching strategies.   
Time required for participation: These experimental classes will last three full weeks and all 
research will take place during school hours. Your classroom grade will not be affected by the 
outcome of this study during the experiment. There will also be no homework given over this 
period of time. However, the information delivered in class during the experiment will be 
required for future classroom exercises once the experimental research has concluded. 
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Potential Risks of Study: There is minimal to no risk involved in this study. This study does not 
ask or expect you to do anything more than you would do on a normal school day. Many of the 
activities you will be participating in would have taken place regardless of the research study. 
Benefits: You will help teachers and administrators better understand how students like yourself 
learn. Moreover, you will gain the knowledge and skills to do proper field work as well as 
learning more about the natural environment in North Georgia.  
How confidentiality will be maintained: All testing will be handled through Juno and Jupiter 
Grades. Only you and your parents will have access to student performance during the testing 
portion of this research. All of your names and student data will remain securely on the Jupiter 
Networks server for you to log in and view.  
If you have any questions about this study, feel free to contact: 
Researcher: Johnathan BySura Phone/email: jbysura@rabungap.org 
Voluntary Participation Statement: 
Participation in this study is completely voluntary. If you decide not to participate there will be 
no negative consequences. Please be aware that if you decide to participate, you may stop 
participating at any time. Anyone who does not participate in this study will be allowed to work 
outside my classroom for the duration of the experimental teaching sequences and will follow 
book work and assignments given by the school administration. I, ________________________ 
(name), understand that not participating will not affect one's relationship with the University of 
Minnesota, Duluth or Rabun Gap-Nacoochee School. 
If you have any questions or concerns regarding this study and would like to talk to someone 
other than the researcher(s), you are encouraged to contact the University of Minnesota Research 
Subjects’ Advocate Line, D528 Mayo, 420 Delaware St. Southeast, Minneapolis, Minnesota 
55455; (612) 625-1650. 
---------------------------------------------------------------------------------------------------------------------
----------------- 
By signing this form below, you are giving your assent, (meaning that you acknowledge your 
participation in this research).  
I freely give my assent to participate in this study for Mr. Johnathan BySura, and understand 
both the benefits and risks involved in this study.  
Student Printed Name: _________________________________ Age: ______________ 
Students Signature: _____________________________________ Date: _____________ 
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Appendix D 
 
 
Standardized Test Example: 
 
Reading Nature Research PRE & POST TEST 
key 1 
Name    
Per.    
 
 
  1. From your understanding of energy pyramids, where would you expect to find the 
most stored energy in a stream ecosystem?  (1 pt) 
 A. Largest fish (i.e. trout) 
 B. Small Fish 
 C. Sediment 
 D. Algae and Plankton 
 E. Trees on the shoreline 
 
  2. Herbivores, Carnivores, and Omnivores are all types of   (1 pt) 
 A. decomposers 
 B. consumers 
 C. producers 
 D. plants 
 E. All of the above 
 
  3. Members of which of the following groups have segmented bodies?  (1 pt) 
 A. annelids 
 B. sea anemones 
 C. mollusks 
 D. chordates 
 E. cnidarians 
 
 4. Explain the term "limiting factor" in your own words and how this term relates to 
ecosystems ecology. (3 pts) 
   
 
  5. Which of the following is a method of asexual reproduction?  (1 pt) 
 A. Metamorphosis 
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 B. Monotreme 
 C. Segmentation 
 D. Budding 
 
 6. Some insects develop from nymphs into adults. What kind of metamorphosis do 
these creatures undergo? Explain and give an example.  (3 pts) 
   
 
  7. 
 
 
Using the picture: LETTER D REPRESENTS WHICH LIFE CYCLE STAGE OF 
THIS BUTTERFLY  (1 pt) 
 A. Larva 
 B. Nymph 
 C. Egg 
 D. Pupae 
 E. Adult 
 
  8. The process by which trees release water from their stoma in the water cycle is 
called  (1 pt) 
 A. transpiration 
 B. evaporation 
 C. perspiration 
 D. condensation 
 E. None of the above 
 
  9. What would happen if the gills of a fish were to stop working?  (1 pt) 
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 A. The fish would die because it cannot breath 
 B. The fish would die because if cannot maintain its body temperature 
 C. The fish would continue to make oxygen 
 D. The fish would make more carbon dioxide 
 
  10. What role does an earthworm play in the transfer of energy in the food web of an 
ecosystem?  (1 pt) 
 A. annelid 
 B. decomposer 
 C. invertebrate 
 D. producer 
 
  11. Population, Community, Biosphere, Organism, and Ecosystem are all terms that 
relate to the environment. Choose which set is arranged in order from simplest to 
most complex.  (1 pt) 
 A. organism, community, population, ecosystem, biosphere 
 B. organism, population, community, biosphere, ecosystem 
 C. organism, population, community, ecosystem, biosphere 
 D. biosphere, ecosystem, community, population, organism 
 
  12. An area of bare rock that has just been cleared by fire will begin the process of   (1 pt) 
 A. regrowth 
 B. renewal 
 C. secondary succession 
 D. stability 
 E. primary succession 
 
  13. What phylum does a crayfish belong too?  (1 pt) 
 A. Mollusk 
 B. Porifera 
 C. Echinoderm 
 D. Arthropod 
 E. None of the above is a phylum 
 
  14. A sea urchins body is organized around the urchin’s center like the spokes on a 
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wheel. What kind of symmetry does the sea urchin have?  (1 pt) 
 A. unilateral 
 B. Asymmetrical 
 C. Radial 
 D. Bilateral 
 
  15. Which of the following is NOT a limiting factor on a population in a land 
ecosystem.  (1 pt) 
 A. Living Space 
 B. Air 
 C. Water 
 D. Food 
 
  16. Because they feed on other organisms to get energy, all animals are  (1 pt) 
 A. invertebrates 
 B. vertebrates 
 C. consumers 
 D. predators 
 
  17. Complex organisms, that are able to move around, are usually multicellular, and 
respond to their environment are in the Kingdom  (1 pt) 
 A. Animalia 
 B. Chordata 
 C. Plantae 
 D. Archaea 
 
  18. How is a butterfly’s life cycle different than that of a dragonfly?  (1 pt) 
 A. Dragonflies don't have an egg stage 
 B. Dragonflies undergo incomplete metamorphosis 
 C. Dragonflies don't have an adult stage 
 D. Dragonflies don't reproduce sexually 
 
  19. Which of the following is not a prey adaptation  (1 pt) 
 A. Chemical Defense 
 B. Camouflage 
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 C. Parasitism 
 D. All are prey adaptations 
 E. Warning Color 
 
  20. If you see an animal with a head and a tail, or a head and feet, it will generally have 
what type of more advanced body plan?  (1 pt) 
 A. metamorphical 
 B. bilateral 
 C. radial 
 D. asymmetrical 
 
  21. A scientist studying the way birds, algae, and crayfish interact, who is not 
interested in abiotic factors such as the rocks, water, and temperature, is studying 
what level of environmental organization?  (1 pt) 
 A. population 
 B. community 
 C. ecosystem 
 D. biosphere 
 
 22. Fill in the answers below with the correct sequence: 
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  (1 pt) 
  A. A. Energy, B. Producer, C. Herbivore, D. Carnivore , E. Omnivore 
  B. A. Sunlight, B. Photosynthesis, C. Producers, D. Consumers, E. Omnivores 
  C. NONE ARE CORRECT 
  D. A. Energy, B. Producer, C. Carnivore, D. Herbivore, E. Decomposer 
  E. A. Energy, B. Consumers, C. Decomposer, D. Carnivore, Herbivore 
 
  23. Invertebrates with jointed body parts, similar to that of a crayfish, make up the most 
diverse group of animals. Invertebrate animals with joints belong to what 
phylum?  (1 pt) 
 A. Arthropods 
 B. Herbivore 
 C. Cnidarians 
 D. Echinoderms 
 E. Archaea 
 
  24. The plants a ladybug lives on, the aphids the ladybug eats, and the birds that would 
eat the ladybug are all  (1 pt) 
 A. biotic elements of an ecosystem 
 B. abiotic elements of an ecosystem 
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 C. predators 
 D. producers 
 
  25. Which part of the water cycle causes runoff?  (1 pt) 
 A. Transpiration 
 B. Condensation 
 C. Evaporation 
 D. Precipitation 
 E. None of the above 
 
  26. Identify this organism 
  (1 pt) 
 A. Mayfly 
 B. Stonefly 
 C. Damselfly 
 D. Dragonfly 
 
  27. Which of the following is a difference between invertebrates and vertebrates?  (1 pt) 
 A. Vertebrates have a backbone, while invertebrates do not. 
 B. Invertebrates reproduce only asexually, and vertebrates reproduce only sexually. 
 C. Vertebrates have exoskeletons, and invertebrates have endoskeletons. 
 D. Invertebrates have bilateral symmetry, while vertebrates have radial symmetry. 
 
  28. Bacteria and lightning are most important to the processes of  (1 pt) 
 A. evaporation 
 B. condensing 
 C. bacterial decay 
 D. combustion 
 E. nitrogen fixation 
 
  29. Identify this organism. 
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  (1 pt) 
 A. dragonfly nymph 
 B. fish larva 
 C. damselfly nymph 
 D. blackfly larva 
 
 30. Explain what happens when lichen begins to cover an area of exposed Granite in 
Georgia. What steps are sure to follow in ecological succession?   (3 pts) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
